Mycotic infection was diagnosed in 6.8% of 6,858 cases of bovine abortion and stillbirth examined during a 9-year period. Aspergilli were associated with approximately 5% of all abortion cases and 71% of 446 cases that were cultured for fungi and diagnosed as mycotic abortion. Aspergillusfumigatus was the most frequent isolate (62%), followed by A. terreus (6.7%), Emericella (Aspergillus) nidulans (3.0%), A. flaws (2.9%), and E. rugulosus (< 1.0%). Zygomycetes (Absidia, Mortierella, Rhizomucor, Rhizopus) accounted for 21% of the cases. Pseudallescheria boydii and yeasts (Candida, Torulopsis) were each identified in 2% of the cases. Fungi that uncommonly cause infection accounted for 2% of the cases and included CurvuZaria geniculata, Exophilia jeanselmei, Hendersonula toruloidea, Lecythosphora hoffmannii, Talaromyces jlavus var. flavus (Penicillium vermiculatus), T. (Penicillium) thermophilus, and WangieZZa dermatitidis. About 10% of the mycotic cases were mixed fungal infections involving A. fumigatus (87%), A. flavus (12.5%), or E. nidulans (12.5%) coexisting with Absidia corymbifera (72%), Rhizomucor pusillus (4.3%), or Rhizopus arrhizus (4.3%). In each mixed infection, both septate and nonseptate hyphae were observed in placental tissues. Twelve percent of the mycotic abortion cases were diagnosed by histologic examination alone because isolation attempts were negative or only formalinpreserved tissues were available.
Mycotic placentitis is a major worldwide cause of abortion in cattle, generally occurring in the third trimester of pregnancy. 10, 23, 30 The disease is sporadic and rarely affects more than 1 or 2 animals in a herd. 2, 12, 134 In the Northern Hemisphere, the incidence of mycotic abortion is highest between November and April, which corresponds to the approximate time when gravid cows are housed indoors and fed hay and/or ensilage. 1, 6, 24 The disease can also occur in beef cattle confined to pens and fed hay as well as those on pasture. Furthermore, cows confined to sheds and fed in cubicals are at greater risk than those fed loose hay in an "open" barn. 3,4, 49 Previous reports indicated that > 60% of cases are caused by uncomplicated infection with Aspergillus fumigatus; zygomycetes (Absida, Mortierella, Rhizomucor, Rhizopus) accounted for about 20% of cases, and the remaining 20% were caused by a wide range of opportunistic filamentous fungi and yeasts. 2,5, 24, 27, 45 A multidisciplinary approach was initiated at the South Dakota Animal Disease Research and Diagnostic Laboratory (SDADR&DL) to determine the infectious causes of bovine abortion. The purpose of this report is to document the results of mycologic exam-Specimens. Tissues from 6,858 cases of bovine abortion from midwestern states were examined. In some instances, fetal placenta and abomasal content but no other fetal tissues were available. Occasionally, formalin-preserved fetal and placental tissues along with abomasal content or only formalin-fixed tissues were examined.
Gross examination. Examination of fetuses and placentas was done as described. 21, 23 For the diagnosis of mycotic infection, a sterile disposable syringe was used to aseptically collect l-3 ml of abomasal content. In addition, a piece of placenta with 2 or 3 cotyledons was placed in a sterile plastic bag, and depending on the availability of fetal tissues, portions of lung, eyelid, and skin (if there was evidence of dermatitis) were collected.
Mycologic examination. Portions of placenta containing 2 or 3 cotyledons were placed in a beaker, washed in running tap water l-3 min to remove extraneous debris, then blotted with sterile paper towels. A sterile scalpel was used to scrape a small amount of material from the cut surface of all cotyledons, caruncles, and any fetal skin that had gross lesions. This material, fetal lung that had been macerated with a sterile mortar and pestle, and 0.2 ml of fetal abomasal content were separately spread onto the surface of plates of Sabouraud dextrose agar (SDA) a containing 1,000 units/ml of penicillin G. b Solid media were incubated at both room temperature and 37 C. After the first year of this study, no advantage was seen in incubating media at room tempera- 
Results
Mycotic infection was demonstrated in 469 cases (6.84%). Mycotic elements were observed in tissues of all 469 cases diagnosed as mycotic abortion and yeasts and filamentous fungi were isolated and identified from 415 cases (Tables 1, 2). Mycotic infection was confirmed in 54 cases by histologic examination alone as isolation attempts for 31 cases produced no growth, and 23 cases had only formalin-preserved tissues available (Table 3) . ture. Thereafter, primary isolation was performed only at 37 C. Plates were examined daily for the first week and twice each week for the next 2 weeks. Portions of detectable mycotic growth were transferred to potato dextrose agar (PDA) a and SDA plates and slants. PDA was used as a growth medium for slide cultures, which were incubated 3-7 days and then stained with lactophenol cotton blue. 8 Identification of filamentous isolates was made from gross and microscopic characteristics. 8.36.38 Yeasts were identified from carbohydrate assimilation patterns. 13 Selected isolates of zygomycetes, Aspergillus, and Penicillium were identified by Drs. Fennel1 and Hesseltine, NRRL, Peoria, Illinois, and some yeasts and dematiacious fungi were identified by Dr. L. Haley, National Centers for Disease Control, Atlanta, Georgia.
Direct microscopic examination. A small portion of each
placental tissue, fetal skin with gross lesions, or abomasal content was placed on a glass slide with a drop of 10% potassium hydroxide, heated slightly over an open flame, and examined for mycotic elements by light microscopy.
Histologic examinations. Portions of placental cotyle-
dons, intracotyledonary tissue with gross lesions, caruncle, fetal eyelid, skin with gross changes, and parenchymatous organs were fixed in 10% phosphate-buffered formalin, pH 7.0. Tissues were embedded in paraffin, sectioned 7 µm thick, and stained with hematoxylin and eosin. Gomori methenamine silver and periodic acid (Schiff's) stains were used to stain mycelial elements in tissue sections.
Criteria for diagnosis. A diagnosis of mycotic abortion
was made when mycotic elements were seen associated with Histologic examination. Typically, hyphae were seen in association with acute necrotizing placentitis and vasculitis. Fetal dermatitis characterized by hyperkeratosis and inflammation was present in approximately 20% of the cases. Occasionally, bronchopneumonia was present, characterized by collections of granulocytes, fibrin, and occasionally giant cells in and around the bronchi.
Mycologic examinations. Aspergillus fumigatus was isolated from 236 (64%) of 369 cases from which a single fungus was cultured and 40 (87%) of 46 cases involving 2 fungi (Tables 1, 2). Aspergillus terreus and A. flavus, as well as Emericella nidulans and E. ru- gulosus, the teleomorphic (ascocarpic) forms of A. nidulans and A. rugulosus, were isolated from placentas and abomasal contents. Likewise, Talaromyces thermophilus and T. flavus var. flavus, the teleomorphic forms of Penicillium thermophilus and P. vermiculatus, respectively, were isolated from placentas (Table 1 ). In addition, T. thermophilus grew from the skin of 1 fetus with dermatitis. Zygomycetes were present in 97 (21%) of the 469 cases from which fungi were isolated. Absidia corymbifera was the most common (14%); it was the only isolate from 24 cases (6.5%) (Table I) and also was cultured from 33 cases (7 1%) involving 2 fungi ( Table 3 ). The next most frequent isolates were Rhizopus arrhizus and Rhizomucor pusillus (4.5% each). Mortierella wolfii was isolated from 2 placentas. Single isolates of Curvularia geniculata, Exophilia jeanselmei, Hendersonula toruloidea, and Wangiella dermatitidis were each cultured once from separate placentas. Pseudallescheria boydii (ascocarpic form of Scedosporiurn apiospermum and some species of Graphium) accounted for 2% of the isolates. Cleistothecia, a form of ascocarp, were produced by 5 of 9 isolates of P. boydii in primary cultures of placental tissues.
The combinations of species and the frequencies of their occurrence in dual mycotic infections are given in Table 2 .
Discussion
The prevalence of bovine mycotic abortion throughout the world ranges from 2% to 20% of all abortions examined 15, 17, 18, 44, 48 In this study, 6.8% (469/6,858) of bovine abortions and stillbirths were caused by mycotic infections. These results are similar to those of surveys conducted in New York, 15 Germany, 48 and Australia 18 but considerably less than the 14-20% reported from England. l7 Aspergillus fumigatus has been reported as the most common cause of mycotic placentitis, as was also seen in this study. This fungus was associated with 64% of 369 cases involving a single agent and 87% of 46 cases involving 2 fungi. Several of the fungi isolated in this survey uncommonly or rarely have been associated with bovine abortion.
Species of Penicillium are frequently cultured from stored grains and other feedstuffs but they are rarely isolated from animal infections. 14, 40 One T. flavus var. flavus isolate and 3 isolates of T. thermophilus were cultured from placentas and abomasal content, and T. thermophilus was also cultured from the skin of a fetus with severe dermatitis; apparently, these are the first documented cases of fetal bovine dermatitis and/or placentitis associated with these fungi. A Penicillium sp. is listed as a cause of abortion in a previous report. 11 Likewise, we found no reference to animal infection caused by E. rugulosus or its anamorphic (imperfect) stage, A. rugulosus. Lecythospora hofmannii (Phialophora mutabilis), isolated from 1 fetus in this survey, is associated with endocarditis and subcutaneous cysts in humans. 40 The 4 infections by dematiacious fungi apparently represent first-time isolations from cases of bovine placentitis and fetal infection. Curvularia geniculata has been isolated from cases of black-grain eumycetoma in dogs and horses 3 1 Exophilia jeanselmei and W. dermatitidis are closely related and represent the most common agents of human cystic phaeohyphomycosis. 40 In each case involving these 3 fungi, pigmented branching septate hyphae were seen in sections of placental tissue. At least 3 cases each of mycotic placentitis caused by E. jeanselmei and W. dermatitidis have been seen at the SDADR&DL since this survey (C. Gates, personal communication, 1990). Initially, the isolate of H. toruloidea was identified as a species of Scytalidium, which is 1 of 3 anamorphic stages of the genus Hendersonula; 33 however studies conducted by Dr. DeVriis (Commonwealth Mycologic Institute, The Netherlands) showed the organism is H. toruloidea. In marked contrast to the pigmented hyphae seen in tissues infected with Curvularia, Exophilia, and Wangellia, the Scytalidium anamorph of H. toruloidea produced nonpigmented branching septate hyphae in placental tissues. However, dark-brown to black mycelium consisting of numerous barrel-shaped arthrospores was produced by this anamorph in culture.
Nine isolates of Pseudallescheria boydii were made during the survey. This ascomycete, a cause of abortion in mares and of white-grain eumycetoma in animals and humans, is commonly found in soil and manure from bovine feedlots . 3,7,28,31 Five of the P. boydii isolates produced ascocarps (cleistothecia) on primary isolation medium. Generally, only its anamorphs (some Graphium spp. and Scedosporium apiospermum) are seen on initial isolation. In recent years, the genus name for this organism has been changed from Allescheria to Petriellidium to Pseudallescheria. 32 Twenty-one percent of the fungi isolated were zygomycetes. Hyphae characteristic of these fungi were observed in KOH mounts and Gomori-stained sections of placenta of an additional 21 cases; however, repeated attempts to culture fungi from these tissues yielded negative results (Table 3 ). This characteristic of zygomycetes has been reported and may be related to production of toxins by endogenous bacteria or possibly by toxins liberated during autolysis of placental tissue. 6,l6,l9,4l M or tierella wolfii was associated with only 2 abortions. Three additional cases of M. wolfii abortion have been diagnosed at SDADR&DL since this survey (C. Gates, personal communication, 1990). In New Zealand and elsewhere, placentitis associated with M. wolfzi is followed by fulminating pneumonia in about 25% of the aborting dams. 11,37 Clinical signs of pneucauses. 29 Another factor in bovine mycotic abortion monia were not seen in the 2 dams of the cases in this may be BVDV, which causes immunosuppression in survey or in the 3 dams of the more recent abortions. cattle by interfering with neutrophil function. 42 About Both Aspergillus fumigatus and Absidia corymblfera 1% of all bovine fetuses examined during this study were isolated in mixed culture from the same placenta were infected with BVDV (Kirkbride, personal obserof 33 cases, and histologic examination of placental vation, 1990). Recently, BVDV was associated with tissues confirmed the presence of hyphae characteristic other causes of infectious abortion in cattle, including of aspergilli and zygomycetes in association with plac-17 of 45 cases (38%) of mycotic abortion. 20 In another entitis. Mixed infections of the placenta with a zygo-study, BVDV was isolated from 3 fetuses that were mycete and a species of Aspergillus have been reported, aborted because of mycotic placentitis. 18 but in most instances the organisms were not fully Fungi can often be isolated from normal placentas, identified. 11, 27, 35, 46 However, 2 cases of placentitis as-especially those that have had contact with soil and sociated with A. fumigatus and Rhizomucor (Mucor) bedding material. However, during the course of this pusillis have been described. 17 Dual mycotic infections study, a fungus was rarely isolated in pure culture from may be a more common cause of bovine abortions the abomasal content of fetuses aborted because of than previously recognized.
Although the pathogenesis of mycotic placentitis is thought to involve the hematogenous spread of fungal other causes.
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Immunosuppression resulting from treatment with with A. fumigatus or Absidia corymbifera spores. 2, 47 steroids and cytotoxins frequently is associated with opportunistic mycotic infections of humans, and immunosuppression may be a factor in bovine mycotic References placentitis. 4 0 Pneumonia caused by Aspergillus fumigatus occurred in calves treated with dexamethasone and inadvertently fed hay that contained large numbers of A. fumigatus spores. Control calves treated with sterile saline and fed from the same source did not develop mycotic pneumonia nor yield fungi from cultures of lung tissues. 39 Abortion was produced in the first trimester of pregnancy in 1 of 3 dexamethasonetreated cows 5 days after oral challenge with A. fumigatus spores. The fungus was cultured from the placenta and from the lungs of the dam. 37 Although normal mice are generally resistant to aerosols of Aspergillus spp., treatment with cortisone prior to aerosol challenge greatly enhanced pulmonary fungi lesions and mortality 43 Alveolar macrophages and neutrophils ob- 
